The optimum solution of consumer preference for color tone of commercial fresh cod roe samples has been estimated by applying multivaridate-spline (Kaseda, 2004) and regret function (Takayama et al., 2000) to color parameters [lightness (L*), redness (a*), yellowness (b*), and chroma (C*)]. Sensory evaluation was performed for 18 commercial fresh cod roe samples. Free amino acids in the samples were analyzed by high performance liquid chromatography (HPLC). The samples were also measured for surface color, moisture content, and sodium chloride content. Sweetness, color tone, sodium chloride content, and two other textural parameters in sensory evaluation were significant among the samples at the five percent level or less. The optimum solution of the surface color was found to be 45.22 in L*-value, 8.68 in a*value, and 9.15 in b*-value. Further challenge is to investigate additional factors that influence individual consumer preference for color tone of fish roe products.
Introduction
Fish roe is consumed throughout the world, and caviar is a well-known example (Shirai et al., 2006) . While caviar (individual fish eggs from sturgeon) and caviar-like products (individual fish eggs from species other than sturgeon) are the best-known fish roe products in western countries, salteddried (karasumi) and salted-fermented (karashi mentaiko) fish roe products are the most popular roe products in many middle and far eastern countries (Bledsoe et al., 2003) and a few European countries (e.g. Greece, Spain, Italy, and Norway). The best-known product under this class is salteddried mullet roe (Itoh et al., 2006; Katselis et al., 2005; Sen et al., 1997; Sengor et al., 2002) . In contrast, fresh cod roe is consumed mainly in Japan and South Korea. For example, in 2007 the Japanese market for fresh cod roe reached 45,000 tons in production and 107 billion yen in sales (Fishery News Service Agency, 2008) . The other five main producers of fresh cod roe are Russia, the United States, South Korea, Poland, and China, and in 2007 the total production by these five countries was 52,438 tons, corresponding to 60 billion yen.
Some previous studies can be found on the measurement of physicochemical properties for fish roes (Chiou et al., 1988; Schubring, 2004; Suzuki et al., 1983) . Salting-drying (karasumi processing) and salting-fermentation (karashi mentaiko processing) can lead to great structural changes in roe, which may consequently modify the perceived color of the final product (Hayabuchi et al., 1998; Hayabuchi et al., 1997; Heinis et al., 1985) . Bekhit et al. (2009) characterized color parameters of raw and processed fish roes from six commercial New Zealand species and then revealed that redness (a*-value) was the major contributor in the separation of different products by canonical analysis.
However, available literature is limited on the investigation of the relationships between optical, physicochemical, and sensory properties of fresh cod roe. As for flavor characterization of ripened cod roe, a previous study revealed that data of gas chromatography-olfactometry (GC-O) correlated well with sensory evaluation and electric nose measurements (Jonsdottir et al., 2004) . Nevertheless, quantitative studies addressing other sensory properties such as taste, texture, and appearance are rare, regardless of their importance in terms of the growing marketplace and consumer-oriented product development, as well as quality control.
The objective of this work is to investigate the relationships between optical, physicochemical, and sensory properties of commercial fresh cod roe samples for optimizing consumer preference for the optical and sensory properties of the samples. Specifically, a) screening of a sample lot was carried out by persons in charge of product development and evaluation, b) a questionnaire survey was performed for collecting and selecting sensory descriptors of the samples, c) sensory evaluation was performed using selected sensory descriptors, and d) instrumental analyses were performed as follows: free amino acids in the samples were analyzed by high-performance liquid chromatography (HPLC), followed by measurement of moisture content, sodium chloride content, and surface color of the samples. Then the relationships among these data were statistically analyzed. In particular, the optimum surface color of the sample to maximize con-sumer preference for color tone was predicted using multivaridate-spline (Kaseda, 2004) and multi-response optimization by regret function (Takayama et al., 2000) . Figure 1 shows a flow diagram of experimental procedure for fresh cod roe samples. As described in the following sections, a) screening of the sample lot, b) questionnaire survey for collecting and selecting sensory descriptors, c) sensory evaluation, and d) instrumental analyses were performed in this study.
Materials and Methods
Samples Table 1 shows a list of sample lots selected through screening of the samples by 6 persons in charge of product development. Among 27 sample lots purchased through supermarkets, department stores, and the Internet, 18 sample lots were selected so that the sample lots cover all characteristic sensory attributes such as appearance, taste, flavor, and texture. Attention was also paid to package instructions in selecting the sample lots, although a set of sensory evaluation was performed without giving any information to the panelists. All sample lots were frozen for preservation at -25°C for 1 to 3 months, and then defrosted for 2 h at room temperature immediately before sensory evaluation. Differences in the duration of frozen storage hardly affect the quality of the samples under the above-mentioned conditions of frozen storage. In addition, the difference in sensory scores due to the individual difference of the samples was considered to be larger than that due to the difference in the duration of frozen storage.
Questionnaire survey for selecting sensory descriptors First, factors influencing palatability of food were classified into appearance, aroma, flavor, texture, taste, and others. Then a questionnaire survey was carried out to collect comments on the samples by the following two approaches: 1) by factors, and 2) in a comprehensive way, rather than by factors. All panelists were employees of Company N (n=80). All comments were integrated to extract sensory descriptors.
Sensory evaluation Sensory evaluations for the samples were carried out on appearance in August 2008, and on taste, flavor and texture in September-November 2008. In-house expert sensory assessors in Company N (total n=576) evaluated the samples shown in Table 1 as an analytical panel. The numbers of panelists are also shown in Table 1 .
For appearance evaluation of the samples, sample lot A was selected as a reference due to it having average color and shape, and then sensory evaluation was carried out using the following 11 items of sensory descriptors: preference for color tone (shikichō no konomashisa), red tone (akami), color tone (shikichō), gloss (tsuya), translucence (tōmeikan), overall condition (jōtai), uniform appearance (gaikan no kinitsusa), natural feeling (shizenkan), blood vessel residue (kekkan no zanryū), discomfort in appearance (gaikan no iwakan), and mijimarikan. The Japanese term mijimarikan has no equivalent expression in English; favorable mijimarikan requires at least proper tension at the outer membrane due to internal dense particles. A line scale ranging from 0 to 20 cm was employed for all the appearance items of sensory descriptors other than "discomfort in appearance." A onesided five-point category scale using absolute criterion was employed for discomfort in appearance, due to the difficulty "1" I : 5,000yen and below, II : 5,000yen ~ 8,000yen, III : 8,000yen ~ 10,000yen, IV : 10,000yen and above II   II   II   I   III   II   IV   IV   IV   I   II   III   IV   III   II   II   II   IV   Table 1 . Fresh cod roe samples selected for this study.
in evaluating the samples in detail using the line scale. Six or seven samples were presented at a time both as is and after cutting the samples for appearance evaluation. For the evaluation for taste, flavor, and texture of the samples, the Scheffe's paired comparison method referring to a prototype sample was employed for the following 14 intensity items of sensory descriptors using a seven-point category scale: cod-roe-like flavor (tarako rashisa), overall elasticity (zentai no danryoku), grain elasticity (tsubu no danryoku), degree of nonstiffness (hogureyasusa), pleasantness to the tongue (shitazawari), stickiness (nebari), saltiness (shioaji), sweetness (amami), umami taste (umami), bitterness (nigami), harsh taste (egumi), mild taste (maroyakasa), aftertaste (atoaji), and tasteful flavor intensity (ajifuumi no tsuyosa). A one-sided five-point category scale using absolute criteria was employed for the following 6 sensory descriptors of either-or choices: fishy smell (namagusasa), fishy flavor (namagusai fumi), grain-like texture (tsubutsubukan), freshness (mizumizushisa), all-dried-out (pasapasakan), and aculeate saltiness (shiokado). In addition, an elevenpoint category scale using absolute criteria was employed for comprehensive evaluations with and without appearance items. Three pieces of the samples cut to 1 cm in width were presented at a time.
Moisture content measurement The samples were dried in an oven (Yamato Scientific Co. Ltd., DX600) at 105℃ for 3 h to calculate the moisture contents.
Measurement of sodium content by atomic absorption photometry The samples were diluted 25 times with 1.0% HCl solutions and the solutions were shaken for 30 min. to extract sodium ions. Then sodium content was measured by an atomic absorption photometer (Hitachi, Z8100).
Surface color measurement The surface color of the samples was measured by a color-difference meter (Minolta, CR-300), and was then expressed in Hunter Lab units L* (whiteness or brightness), a* (redness/greenness), and b* (yellowness/blueness). Three pieces of the samples were selected for each sample lot, and surface color was measured at three arbitrary points for each sample. In addition, chroma (C*) was also expressed by the following equation: (1)
Determination of free amino acids by HPLC Ten grams of the samples were homogenized with 50 mL of 1.0% picric acid solutions. The mixture was poured into a centrifuge tube and centrifuged for 15 min at 3,000 g. The supernatant was filtrated by a No. 2 filter paper and diluted with a 1.0 % picric acid solution to 100 mL. After the solution was passed through a Dowex 1-X8 column (25 × 0.5 cm), resin was washed and diluted with a 0.01 mol/l HCl solution to 50 mL. The samples were diluted with a 0.25 mol/l lithium citrate buffer solution for measuring the contents of free amino acids by a high performance amino acid analyzer (Hitachi High Technologies, L-8900). An ion exchange column (Hitachi, #2622SC) was employed. All free amino acids were injected at 50 μl, and buffer solution for hydrolyzed amino acid analyses (H01, pH 3.15) was used as the solvent. All amino acids were detected by the ninhydrin chromogenic method. All detected peak areas and their elution time were calculated by means of the EZChrom Elite system manager equipped with a Hitachi HPLC analyzer (GL Sciences). Based on the calibration curves for reference standard samples, the concentrations of free amino acids were calculated.
Statistical analyses Principal component analyses (PCA) with Varimax or Quartimin rotation were applied to all the sensory evaluation scores (total n=576) and the analytical values of free amino acids for 18 samples. Correlation analyses were applied to investigate a) the relationship between quality characteristics and palatability, and b) the relationship between analytical values and the average values of the factor score of sensory properties of each sample. Multiple regression analyses were applied to estimate the effects of a) appearance items on preference for overall appearance, and b) analytical value on color tone. Based on these data, some significant factors influencing total palatability scores of the samples were identified by statistical analyses, and then these parameters were extrapolated by the response surface method by spline (Kaseda, 2004) to determine the parameters for maximizing the specified consumer preference.
where D(x) denotes the regret function; x, intrinsic attributes; k, the number of principal components; w k , weight of kth principal component; i.e., regression coefficients of the kth principal component against pleasantness; fd k (x), the kth principal component score; fo k (x), ideal kth principal component score (the maximum or minimum value); and R k , constant for normalization. The value of x giving the minimum value of D(x), and the corresponding fd k (x) were calculated as the optimal solutions (Shibata et al., 2008) .
All statistical analyses were carried out using the computer software JMP 6.0.3 (SAS Institute, Inc., Cary, NC, USA). For response surface methodology by spline, dataNESIA (Yamatake Corp., Tokyo, Japan) was used.
Results and Discussion
Moisture content, sodium content, and sodium chloride equivalent Average values of moisture content, sodium content, and sodium chloride equivalent for all fresh cod roe samples were 67.1 ± 1.4%, 4.5 ± 0.74%, and 1.76 ± 0.38 g per 100 g, respectively.
Sensory evaluation for appearance, taste, flavor, and texture Table 2 shows the configuration matrix for principal components (PCs) on 28 items of appearance, taste, flavor, and texture and for the correlations between these items and three comprehensive evaluation items. The PCs(se) in Table  2 are the abbreviations of principal components derived from the sensory evaluation results. The overall ratings had signif-icant correlations with 9 items of taste, 5 items of texture, 2 items of flavor, and 2 items of appearance. As for the overall ratings other than appearance, the correlations were similar to those of the overall ratings for all 3 items. The overall ratings of appearance had significant correlations with all items of appearance as well as 2 other items.
Free amino acids Eighteen free amino acids were detected and identified in fresh cod roe samples (Table 3) . Considerable amounts of glutamic acid, glycine, alanine, and proline were found to be non-natural amino acids contained in food additives, because the contents in some samples were one or two magnitudes higher than those in other samples. In particular, the percentage contribution of glutamic acid to total free amino acids was the largest for all samples, ranging from 10.8 (Sample lot J) to 42.9% (Sample lots B and G). On the other hand, fourteen other free amino acids were considered to be natural free amino acids originally contained in raw materials.
The results of PCA revealed that free amino acids could be sufficiently summarized using three main principal components (Table 4 ). The PCs(faa) in Table 4 are the abbrevia-tions of principal components derived from the results of instrumental analyses for free amino acids quantified by HPLC. Thirteen free amino acids were summarized in PC1(faa), which can be considered as the factor of natural amino acids originally contained in the samples before processing. On the other hand, PC2(faa) and PC3(faa) were considered to be factors of the amino acids which were added to the samples using food additives during processing, as already shown in Table 1 . Glutamic acid, the taste component of umami, was summarized in PC2(faa), while alanine and glycine, taste components of sweetness, were summarized in PC3(faa). Table 5 shows the correlation coefficients between principal components obtained from sensory evaluation for taste and flavor, as well as overall judgments and measured values of sodium chloride content as well as several free amino acid contents. PC1(se) and PC3(se) had high correlations with the contents of sodium chloride, glutamic acid, proline, and total free amino acid, and sodium chloride content with saltiness, aculeate saltiness, taste intensity, harsh taste, bitterness, and mild taste. However, no significant relationship was found between the overall hedonic ratings for taste and flavor, and the contents of glutamic acid and proline. In relation to free amino acids and sensory properties, correlative pairs were as follows: a) glutamic acid content and PC1(se), PC3(se), PC4(se), and PC9(se), b) glutamic acid content and 7 items of sensory descriptors, c) proline content and PC1(se), PC3(se), PC4(se), and PC9(se), d) proline content and items of sensory descriptors, e) cystine and umami, f) glycine and PC4(se), g) glycine and 3 Table 5 . Correlation coefficients between principal components obtained from sensory evaluation for taste, flavor, and overall judgments and measured values of sodium chloride content and several free amino acid contents. items of sensory descriptors, h) total free amino acid content and PC1(se), PC3(se), and well as PC9(se), and i) total free amino acid content and 7 items of sensory descriptors. Surface color Average values of surface color parameters were as follows: 43.5±3.4 in L*-value,: 10.6±4.6 in a*value, 10.6±3.5 in b*-value, and 15.1±5.5 in C*-value. Figure 2 shows the linear regression equation between a*-value and chroma saturation (C*) together with the plots of measured values for all samples. The results indicate that color preference of the panelists did not depend on whether or not artificial coloring agents and color fixing agents were used for each sample. Table 6 shows the correlation coefficients between principal components obtained from sensory evaluation for appearance and measured values of surface color. The results indicate that the sample lots presenting lower color tone values were found to be preferred under our experimental conditions. In addition, multiple regression equations for sensory scores (P all ) and color measurement values (P color ) were given as follows: P all = 6.59×10 -1 + 6.57×10 -1 ×P color -1.41×10 -1 ×A -8.1 × 10 -2 ×B + 9.7×10 -2 ×C + 9.6×10 -2 ×D (R 2 = 0.754; RMSE = 0.498) (3) P color = 3.63×10 -1 + 5.8×10 -2 ×L* + 1.546×a* + 1.577×b* -2.258×C* (R 2 = 0.622; RMSE = 0.444) (4) where A is the sensory score of discomfort in appearance, B is that of blood vessel residue, C is overall condition, and D is translucence. RMSE is the abbreviation of root mean square error. Table 7 shows optimal color values and sensory score of consumer preference for color tone determined by multivaridate-spline (Kaseda, 2004) and regret function (Takayama et al., 2000) . The sensory score in Table 7 was estimated on a scale of 4 points; 2.65 out of 4 points corresponds to 66.25 out of 100.
Correlations between sensory evaluation and HPLC analysis results

Optimization of optical properties
Challenges to consumer-oriented product development for fishery products If consumer-oriented product development means some quantitative evidence for consumers, measurable physicochemical properties should be comprehensively measured. Many previous studies can be found on the measurement of chemical compounds for fresh cod roe and other fish roe. As an example, Shirai et al. (2006) concluded from the results of thin-layer chromatography (TLC) that lipids of Japanese fish roe products contained large amounts of 20:5n-3, 22:6n-3, and phosphatidylcholine, and that these might contribute to an increase in learning ability and prevent lifestyle-related diseases. Although lipid contents were not measured in this study, the information on the healthy effects of fish roe on the human body would be useful for facilitating development of a consumer-oriented marketplace of fishery products when the information is described in the package instructions. However, it should be noted that a high salt intake might be a danger to health due to excessive intake of salted fish roe products (Shirai et al., 2006) . Hayabuchi et al. (2002) confirmed that the distribution and diameters of roe in the ovary of cod were uniform, and as the cod ovary ripened the roe grew in diameter and moisture content of frozen cod roe increased. Chiou et al. (1989) revealed that protein content in fresh cod roe that was produced in Alaska lowered slightly but lipid content was almost constant during salt curing, and among free amino acids, the increase of glutamine and leucine and the decrease of taurine were significant. Schiffman et al. (1981) compared the taste qualities and detection thresholds for D-and L-amino acids. Glutamic acid was found to be the most significant factor among all free amino acids in terms of total content, with the thresholds considered as well. Nevertheless, under our experimental conditions, no significant correlations were found among the contents of glutamic acid, sensory score of umami, and the overall preference for the samples.
On the other hand, significant correlation was found among color measurement values, sensory scores for appearance, and the overall preference for the samples, as already shown in multiple regression equations. In recent years, Bekhit et al. (2009) pointed out the importance of the color of fish roes in evaluating the overall quality based on the results of color measurement for six commercial fish roes which are available in New Zealand.
Through the present study, the optimum solution of the surface color was found to be 45.22 in L*-value, 8.68 in a*value, and 9.15 in b*-value. This work provided the optimum solution of surface color in terms of optical properties. Other than optimal values of lightness, redness, yellowness, and chroma, one of the further challenges will be the investigation on additional factors influencing individual consumer preference for the color tone of fish roe products using specified protocols and methodology, as already determined for Danish pastry (Shibata et al., 2008) .
